Background: Workplace bullying has been measured in many studies to investigate mental health issues. None uses online computerized adaptive testing (CAT) with cutting points to report bully prevalence at workplace.
Background
During the last 20 years, the prevalence rate of workplace bullying has been reported in a range of different studies to investigate mental health issues [1] [2] [3] . Despite all this attention on the bully phenomenon, the criteria of cutting points indeed influence the calculation of prevalence rate on workplace bullying.
The prevalence rate of bullying, using the same bully scale of the 22-item Negative Acts Questionnaire-Revised (NAQ-R) with examinee's self-labeling (i.e., with a single quest to answer whether she/he is a bullied victim [4, 5] ), was, respectively, reported at 24% for hospital nurses [2] , higher than seen in studies of Japanese nurses (19%) [3] , and Italian employees (15.2%) [4] , and workers in general services (2-17%) [1] . Nielsen et al. [6] addressed that self-labeling with definition studies yielded far lower estimates of bullying than self-labeling studies without definitions. The findings for the prevalence rate on workplace bullying would be thus biased and overestimated without definitions when self-labeling bullied perception.
Common cutting points are required
For studies using the behavioral method (i.e., with several items to respond with regard to encountered negative acts or behaviors in a workplace [1, 7] , like the NAQ-R) with an operational criterion, prevalence rates seem to vary between 3 and 17%, depending on the cutoff criterion utilized [8] . Unfortunately, no such a common cutting point for calculating the bully prevalence rate was applied to the NAQ-R till now. A comparison between derived score levels and the suggested best cutoff points can help clinicians evaluate examinees at risk of an incidence [9, 10] , and multiple cutoff points are usually more powerful and useful than one single cutoff point [11, 12] . How to determine appropriate cutting points for the NAQ-R is an issue of the current study.
Cutting points are required for computerized adaptive testing
The NAQ-R is evident of a unidimensional construct and can be applied to measure exposure to workplace bullying through the computerized adaptive testing (CAT) administration [2] . The CAT requires fewer items to answer than the traditional pen-and-paper approach (an efficiency gain of 32%), suggesting a reduced burden for respondents [2] . However, the CAT-based NAQ-R is just administered on a computerized nursing cart (i.e., not an online CAT version) and is not set with multiple cutting points to help clinicians evaluate examinees at risk of an incidence, especially because each person answers a different number of items on the CAT. Determining cutting points is thus a critical issue for the NAQ-R CAT.
Computerized adaptive testing
Computerized adaptive testing (CAT) is based on item response theory (IRT)_test that adapts to the examinee's ability level. The computer follows an IRT-based algorithm that offers the patient the next not-too-hard-andnot-too-easy item. So, only the fewest possible items are offered per patient, resulting in less respondent burden and even more accurate outcomes [2] . As with all forms of Web-based technology development, there is no online CAT assessment applied to the NAQ-R till now.
Objectives
First, we verify whether the NAQ-R is a unidimensional construct. Second, we determine a set of cutting points that can be used for computing a prevalence rate at workplace on CAT. Third, we compare CAT with non-adaptive testing (NAT) and the randomly selected method to NAT on efficiency and precision. Fourth, we developed an online CAT for nurses to measure exposure to workplace bullying.
Methods

Study participants
The study sample was recruited from three hospitals (Hospital A: 1236-bed medical center; B: 265-bed local hospital; C: 877-bed region hospital) in southern Taiwan in the summer of 2012. No incentive for participation was offered. A total of 970 copies of the bully questionnaire were validated with a return rate of 96.3%.
This study was approved and monitored by the Research Ethics Review Board of the Chi-Mei Medical Center. Demographic data were anonymously collected: gender, work tenure in hospitals of all types, age, marital status, and education level.
Scales used for reporting exposure to bullying
The 22-item NAQ-R with 5 response alternatives (1 = never, 2 = occasionally, 3 = monthly, 4 = weekly, 5 = daily) was used to measure exposure to workplace bullying within the past 6 months. With permission from the author [13] , the NAQ-R was professionally translated into Chinese by authors in Taiwan using a back-translation technique (English-Chinese-English).
Dimensionality
Tennant and Pallant [14] suggested three steps that should be applied to assess scale unidimensionality: (1) conduct prior testing using Horn's parallel analysis [15] for ensuring that unidimensionality is retained, (2) use Rasch [16] fit statistics ranging from 0.5 to 1.5 [17, 18] to determine the usefulness of the one-dimensional scaling, and (3) run post hoc tests using Rasch standardized residual loading [19] (i.e., |Z| < 2.0) across items to inspect the convergent validity, and Smith [20] independent t tests to compare estimates of the percentages (<5%, within ±1.96) and verify invariance of Rasch model. A dimension coefficient (>0.67, DC) suggested by Chien [21] was used for identifying a single-dimensional scale. Point-biserial correlation coefficients on items (PTME, the Pearson correlation between the observations of an item and the item difficulties that is like factor loading in exploration factor analysis) >0.40 was reported to support scale dimensionality.
Cutting points used for the NAQ-R
According to the literature [22] [23] [24] , as a scale's reliability (i.e., Cronbach's α) increases, so does the person-number of ranges that can be confidently distinguished. Measures with reliabilities of 0.67 will tend to vary within two groups that can be separated with 95% confidence; 0.80 will vary within three groups; 0.90, within four groups; 0.94, within five groups; 0.96, within six groups; 0.97, within seven groups; etc. [25] .
More conservative to compute the number of the strata, the scale reliability was referred to the Rasch person separation reliability, and then referred to the Rasch threshold difficulty guideline [26] with an appropriate distance between two thresholds ranging from 1.4 to 5.0 logits.
An equal sample size in each stratum suggested by Maslach et al. [27] was applied to determine cutting points. Accordingly, a threshold at zero logits is suggested for two strata, −0.7 and 0.7 (=1.4 − logit difference with probabilities at 0. 33 
Comparison of efficiency and precision using CAT algorithm
Three scenarios (i.e., NAT, CAT, and the randomly selected method to NAT) were manipulated to compare their response efficiency and precision by comparing (i) item length for answering questions, person measure, (ii) correlation coefficients and (iii) Smith's paired t tests [20] , and (iv) estimated standard errors (SE) between CAT and the random to its counterpart of NAT (Fig. 1) .
We ran an author-programed VBA (Visual Basic for Applications) module in Microsoft Excel. Rasch person separation reliability yielded from the NAQ-R of the study by Winsteps (i.e., excluding all extreme scores summed to zero) was used to determine the CAT termination criterion using the standard error of measurement (SEM = SD * √1 − reliability). Another termination criterion is the mean of the last five change differences between the preand post-estimated abilities on each CAT <0.05.
The minimum number of questions required for completion was set at 7 (7/22 items on NAQ-R item length = 30%). The first item was randomly selected from the 22 items when starting the CAT. The provisional measures were estimated by the maximum loglikelihood estimation (MLE). The next question selected was the one with the most information obtained from the remaining unanswered items, interacting with the previously provisional person measures.
An online CAT was designed for smart phones
An online CAT was designed for examinees to report their bully scores in a unit of logit (log odds). The 22 items with their threshold difficulties (calibrated by Rasch Winsteps) and their responsive audios and pictures were uploaded to the website. The rules of the first and the next selected CAT item and the termination criteria are like the aforementioned simulation method.
Statistical tools and data analyses
SPSS 15.0 for Windows (SPSS Inc., Chicago, IL) and MedCalc 9.5.0.0 for Windows (MedCalc Software, Mariakerke, Belgium) were used to calculate (1) Cronbach's α, (2) dimension coefficients, and (3) correlation coefficients between estimated person measures for CAT and the random to its counterpart of NAT. Independent t tests were used to compare (4) the ratios of the different paired person measures. Rasch Winsteps was used for producing (5) person separation reliability. The prevalence rate of workplace bully is calculated by the formula (=the number of bullied grade excluded from the low stratum divided by the sample).
Results
The sample of 963 nurses was obtained from the study. The mean age of the participants was 32.7 (±5.8) years, 96% (n = 924) were female, and >57.5% (n = 554) were unmarried (Table 1) .
Dimensionality
The NAQ-R can be unidimensional because (1) one factor was extracted using parallel analysis; (2) all Infit and Outfit mean squares for the 22 items are in a range of 0.5-1.5 (in the Infit column in Table 2 ; Fig. 2 ); (3) item loadings from the Rasch PCA of residuals on the first contrast are standardized (i.e., (loading − mean)/SD) within −1.24 and 1.57 (within ±2.0 in the Z column in Table 2 ); PTME are between 0.51 and 0.74 (in the PTME column in Table 2 ). 
Cutting point determination
The person separation reliability for the NAQ-R is 0.84, indicating that three strata can be separated with thresholds at −0.7 and 0.7. Prevalence rate of workplace bully is 1.5% (=0.3% + 1.2%), see Fig. 2 .
Comparison of efficiency and precision
The CAT required substantially fewer items (mean = 8.9; SD = 2.4; SE = 0.08; 95% CI 8.78-9.09) than did NAT (=22) and provided an efficient gain in test length of 0.60 (=1-8.9/22), see Fig. 3 
Online NAQ-R assessment
By scanning a QR-code (Fig. 4 at right bottom) , the NAQ-R item appears on the smartphone. We developed an online CAT module to demonstrate the assessment in action. The CAT processed each nurse item-by-item with picture animations (Fig. 4 at top) . Adaptive item selection is based on maximizing information across unanswered items. The measurement of standard error (MSE) for each subscale decreased when the number of the items increased (Fig. 4) . The result with a person measure and the bully grade (i.e., low, moderate, or high) instantly shows on smartphone (Fig. 4) .
Discussion
Key findings
The results from this study indicate that the 22-item NAQ-R is unidimensional. A set of cutting point at −0.7 and 0.7 logits were determined for future use in workplace bullying surveys. The prevalence of bullying for the study sample was 1.5%. The CAT is 60% more efficient for answering questions and achieved similar precision in measurements as did NAT. An available-for-download online CAT NAQ-R APP for nurses was suited for smartphones (Additional file 1).
What this adds to what was known
Consistent with the literature [2, [28] [29] [30] [31] [32] , the 22-item NAQ-R can be unidimensional. The efficiency of CAT over NAT was supported. We confirm that CAT-based NAQ-R requires significantly fewer answered items to measure explosion of workplace bully than NAT without compromising its measurement precision.
What it implies and what should be changed? Cutoff point recommended for calculating bully prevalence rate
According a study in Belgian employees [33] , six different groups of respondents were identified based on their exposure to negative behaviors: (1) not bullied (35%), (2) limited work criticism (28%), (3) limited negative encounter (17%), (4) sometimes bullied (9%), (5) workrelated bullying (8%), and (6) victims of bullying (3%). Too many grades is hard to help clinicians evaluate examinees at risk of an incidence [9, 10] . A single cut point of >-4.2 logits (or >30 in summation) for the NAQ-R was proposed [2] . However, multiple cutoff points are usually more powerful and useful than one single cutoff point [11, 12] . Maslach et al. [27] suggested setting an equal sample size in each stratum as a way to determine cutting points.
At the end of 2016, more than 10,977 papers were found in a search with keyword "cut point. " None discussed the determination of cutting points used for CAT with different item lengths for a respondent. Frequently, we usually do not know the patient's true-and false-positive disease-specific status, like the NAQ-R. The issue we face in clinical settings is how to identify the degree of patient incident problems. Through this study, if cutting points at −0.7 and 0.7 logits are selected for the NAQ-R, the raw score in cutting points can be transformed by the formula (=total score × the probability at 0.33 and 0.67), whereas 0.33 comes from the equation exp (−0.7)/(1 + exp (−0.7)) and 0.67 is from the equation 1 − exp (−0.7)/(1 + exp (−0.7)), total score = 88 when 5-point (from 0 to 4) 22-item NAQ-R is defined beforehand. The cutting points in raw score can be set at <30 (=88 × 0.33), and ≥60 (=33 × 0.67) to separate three strata in bully degree. The prevalence rate is easy to calculated and compared either with paper-and-pen format or with CAT in future.
Online CAT assessment
At the end of 2016, 757 papers were collected in US National Library of Medicine National Institutes of Health (pubmed.org) when searching keywords: computer adaptive testing. None was applicable using an online assessment suited for smartphones until the online skin cancer CAT was published [32] . We do ensure that more papers in future will be published on the usefulness of online CAT as with all forms of Web-based technology are rapidly increasing [34] .
Unidimensional scale detection
Many studies [21, [35] [36] [37] [38] reported the issue of scale unidimensionality detection. From the Library of PubMed and BioMed Central, we got 1005 and 333 papers with the keyword "unidimensionality, " 4688 and 745 results for "bully. " In the current study, we demonstrated the method Tennant and Pallant [14] suggested using three steps to assess scale unidimensionality: (1) conduct prior testing using Horn's parallel analysis, (2) use Rasch fit statistics, and (3) run post hoc tests using Rasch standardized residual loading, and Smith [20] independent t tests to compare estimates of the percentages (<5%, within ±1.96). In addition, the dimension coefficient (≥0.67, DC) and PTME (>0.40) included in detecting scale unidimensionality are recommended to readers.
Strengths of this study
Four goals have been reached in this study: (1) we verified the 22-item NAQ-R is unidimensional, (2) cutting points at −0.7 and 0.7 logits were recommended to future studies in computing bully prevalence rate at workplace, (3) CAT gains 60% efficient than did NAT, and (4) online CAT is applicable in practice. Among them, the reason for 60% efficient than did NAT is because we added another termination rule in CAT: the mean of the last five change differences between the pre-and post-estimated abilities on each CAT less than 0.05. The termination rule of detecting the last five change differences in estimated abilities less than 0.05 makes the item length less than that in other studies [2, [28] [29] [30] [31] . It is because many low grade of workplace bully were found and led to short item length required to complete the CAT. Around 82.6% Fig. 3 ) will be substantially higher than the dual stop conditions we did in this study. In addition, the online CAT with audio and picture animations is available for interested readers to practice if scanned on the QR-code in Fig. 3 , which is rare in any previously published articles.
Furthermore, cutting points set at −0.7 and 0.7 logits with an equal stratum member size might be generalized to other incidences or diseases when the patient's trueand false-positive disease-specific status is not known beforehand. Like the NAQ-R, we merely intend to identify the grade of the incidence and compare to the norm.
Limitations of the study
Several issues should be considered more thoroughly in further studies. First, many female nurses (96%) in sample let us not identify differential item functioning (DIF) on gender. Second, the low bully prevalence rate (1.5%) was reported here as compared to the previous papers at 24% for hospital nurses [2] , higher than seen in studies of Greek nurses (30.2%) [39] , Japanese nurses (19%) [3] , Korean nurses (17.2%) [40] , and Italian employees (15.2%) [4] , and workers in general services (2-17%) [1] . One ensured reason is attributable to different cutting points and self-labeling definitions. For instance, one [40] defined a victim of workplace bullying if subjects had experienced at least 2 of the 22 negative acts from NAQ-R by a colleague every day or every week in the past 6 months. Another [39] used an additional question "Have you been bullied at work?". Valid criteria are thus urgently required to classify levels of incidence and to calculate the prevalence rate of workplace bully. Accordingly, the study cannot be generalized to others.
More studies are needed to assess the generalizability of the study with different samples using the same cutting points and the same version of NAQ-R. Third, the online CAT is not equipped with much functionality as we expected in practice, such as protecting cheating behaviors and detecting aberrant responses that are required to be in future advanced versions. Fourth, although the scale's Cronbach's α coefficients was 0.96, we conservatively determined that the scales' person strata were three according to Rasch separation reliability = 0.84 and the literature [22] [23] [24] [25] . Multiple cutoff points are not limited to three strata if the separation index reaches an extremely higher level, which will affect the determination of appropriate cutting points for the NAQ-R.
